& p . 1 : Summary. This study reviewed 57 hips in 30 children (18 girls and 12 boys) with cerebral palsy who had undergone an adductor tenotomy alone or in combination with an anterior obturator neurectomy (23 hips). Results were evaluated by the Reimers migration percentage (MP). The hips were split into three groups: group A (12 hips) a preoperative MP of less than 20%, group B (25 hips) between 20 and 40%, and group C (20 hips) more than 40%. The mean age at the time of surgery was 6 years and 1 month (range: 2.5-13 years). The mean period of review was 6 years and 3 months
. The results were considered as "good" when radiographs at the longest follow-up showed a decrease of >10% of the MP, as "bad" when they showed an increase of >10%, and as "stable" when the MPs varied less than 10%. At the latest review of group A, 11 were stable (92%) and 1 was bad. In group B, 12 were stable (48%), 7 were good (28%), and 6 were bad (24%). In group C, 7 were stable (35%), and 13 Adductor tenotomy has been a standard surgical procedure for many years, with or without obturator nerve neurectomy, as a preventive procedure [7, 14, 21, 24] . There is no consensus regarding the nature of soft-tissue surgery, the optimum age of the child at operation, and the degree of hip subluxation that can be treated successfully by this methods [7] .
The aims of this retrospective study were to analyze the results of adductor tenotomies in children with CP, to assess their radiographic outcome and to determine whether age at the time of surgery, the addition of an anterior neurectomy, and the preoperative radiographic migration percentage were reliable predictors of outcome.
Material and method
This is a retrospective study of children who underwent adductor tenotomy. All had spastic quadriplegic-pattern involvement; 27 were nonambulant, and 3 were able to walk occasionaly with assistance. Cases without adequate radiographic review and patients with concomitant bone surgery or surgery on the hamstrings or the psoas were excluded from this study A 2-year minimum follow-up was thought to be necessary for measurable changes in the migration percentage of the hips. The final study group was of 57 hips in 30 children (18 girls and 12 boys) operated on in our hospital between 1977 and 1995. Three patients had a unilateral procedure to correct an asymmetric involvement. The preoperative passive adduction averaged 27° (range: 10-40°) with the hip in flexion. Fixed pelvic obliquity was present in 6 children, and scoliosis in 8.
For radiological analysis we used the acetabular index and the migration percentage. The acetabular index defined preoperatively is the angle between Hilgenreiner's line and the line joining the lateral and medial margins of the acetabulum. The stability of the hip was evaluated by the migration percentage (MP) indice (Fig. 1) , as measured on the preoperative and last available follow-up radiographs. This indice is described by Reimers [16] as the ratio of the width of the upper femoral epiphysis to that part uncovered. Radiographs were taken with the child relaxed and supine, with the lower limbs parallel and in neutral rotation.
The hips were divided into three groups: group A (12 hips; mean age: 6 years) had a preoperative MP of less than 20% (preoperative acetabular index ranged from 7-18° with a mean value of 11°), group B (25 hips; mean age: 6 years and 4 months) had a preoperative MP between 20 and 40% (preoperative acetabular index ranged from 13-29° with a mean value of 18°), and group C (20 hips; mean age: 6 years and 1 month) a preoperative MP of more than 40% (preoperative acetabular index ranged from 17-44° with a mean value of 31°). The mean age at the time of surgery was 6 years and 1 month (range: 2.5-13 years).
The adductor longus was always completely transected, by open procedure in 54 cases and by percutaneously in 3. The fascia of the gracilis was opened and a complete myotomy was performed in 34 cases. Occasionally, portions of the adductor brevis were sectioned if necessary to obtain abduction to at least 40°. Partial anterior obturator neurectomy was performed in 23 cases. The 3 unilateral tenotomies were carned out at the age of 4 (MP of 22%), 5 (MP of 41%), and 8 (MP of 39%). There was no pelvic obliquity in these children.
After surgery, all children were immobilized for 3 weeks in an abduction hip spica cast. Then, night splinting with an abduction splint was continued for 3 months or more.
Statistical study
All results were subjected to statistical analysis. Differences between the age of children at surgery, sex, and mean follow-up for the three groups were assessed by several analyses of variance (ANOVAs) and by the post hoc test of Scheffe. To determine statistically the MP evolution with or without anterior neurectomy, we used a χ 2 test. A significance level of P<0.05 was assigned.
Results

Clinical results
The three groups were statistically similar with regard to sex, age, and follow-up. The average improvement of hip abduction at operation was 34°( range: 15-50°). There were three haematomas which resolved satisfactorily in a few days.
The mean period of review was 6 years and 3 months (range: 2-20 years). The mean age at followup was 12 years and 3 months in group A (range: 9-18 years), 11 years and 10 months in group B (range: 6-25 years), and 12 years and 4 months in group C (range: 5-22 years). At follow-up the average hip abduction was 39° (range: 15-60°) with the hip in flexion. No overcorrection with abduction contracture was observed. Pelvic obliquity was present in 13 children, and scoliosis in 14.
For the 3 unilateral tenotomies (average follow-up: 4 years and 7 months) the abduction was symmetrical and there was no pelvic obliquity. [14] found that patients had lost approximately one half of the abduction obtained at surgery at five year follow-up. A range of abduction of under 30° is a good indication for an adductor tenotomy, even before radiological signs appear, and will help to prevent possible migration of the femoral head.
Migration percentage and acetabular index
In our study, we noted the migration percentage and the acetabular index before operation, but used the migration percentage to assess results because this measurement is easier to determine than the acetabular index. That is often difficult to assess on plain radiographs [7] and is significantly affected by pelvic tilt [18] , which may make for inaccuracy and difficulty in comparing one radiographic examination to another. It is more useful when considering whether to perform soft tissue or bony surgery in children with CP [7] , and will give a rough estimate of hip displacement and acetabular depth [23] .
Others have reported that the acetabular index was not a significant predictor [7, 24] . Cornell et al. [7] thought that the preoperative acetabular index was not a significant predictor of the final migration percentage, but there was a close association between the migration percentage and the acetabular index before operation. They noticed that soft tissue operations were unsuccessful in 13 hips out of 15 with a per-operative acetabular index of over 27°. We found no improvement when this index was >30°.
Vidal et al. [23] showed that the linear progression of the migration percentage increased from an early age and could be measured by the age of 12 months. The values of the angles of acetabular obliquity were not changed compared with normal values in children of the same age until after the age of 30 months. They therefore felt that acetabular obliquity could not be related to the future development of the hip because there was no relationship between the migration percentage and acetabular obliquity before this age. Acetabular obliquity only appeared when the migration index was about 20% [23] .
The migration percentage has a recognised error of measurement of +/-10% [13, 18] . In order to eliminate this, we considered it a good result if the MP improved by >10% at follow-up.
Radiographic analysis
Our children fell into three broad groups. Most of the hips (11 out of 12) with a pre-operative migration percentage of <20% (group A) were stabilised. There was no good result in this group, because we chose a decrease of MP >10% as the criterion for this, and these hips were unlikely to decrease by more than 10%. When the migration percentage is more that 40% (group C), it is possible to have radiographic stability without any improvement. For
The results were considered as "good" when radiographs at the longest follow up showed a decrease of >10% of the MP, as "bad" when they showed an increase of >10% and as "stable" when the MP varied by <10%. At the latest review of group A, 11 were good (92%), and 1 was bad. In group B, 12 were stable (48%), 7 were good (28%) and 6 were bad (24%). In group C, 7 were stable (34%), and 13 were bad (65%). We found no significant difference in length of follow up for the three groups and this did not influence the result. We also verified statistically, in each group, whether the follow up results were better in children operated on at a younger age than in those who were older. Age at the time of surgery did not have a significant affect on the outcome, except in group B, where the mean age was 8 years and three months for the good results, 6 years and five months for the stable and four years and one month for those who were poor. An anterior neurectomy did not significantly affect the results and there was no improvement when the pre-operative acetabular index was over 33°.
For the three unilateral tenotomies, the migration percentage was stabilised at the longest follow-up, and we noted no negative influence on the opposite hip. Thirteen children needed a further operation including adductor tenotomy (5 cases), varus intertrochanteric femoral osteotomy (7 cases) and pelvic osteotomy (8 cases). In these children, the results were considered as bad, and the latest follow-up was calculated as the time between the two operations.
Discussion
Theoretically, dislocation of the hip in children with CP should be preventable by proper containment [17] . However, it is not always possible to prevent some of these deformities by such means and surgery may be necessary [17] . The incidence of dislocation of the hip in patients with severe CP is between 60% and 80% [10, 12, 15] . It has also been shown that as many as 50% of these dislocated hips become painful [1, 6] . Maintaining the hips in the reduced position by soft tissue surgery is of significant importance [22] . Before dislocation occurs, and adductor myotomy, with or without obturator neurectomy, will be effective in reducing spasticity, contracture or both [17] . Many reports have confirmed the effectiveness of this procedure [2, 13, 14] .
Clinical analysis
Sharred et al. [20] advised that initial surgical intervention should be considered whenever the range of abduction was less than 45°. The average hip abduction at follow-up was 39° whereas it was 27° before operation, with an average improvement during operation of 34°. There was a decrease of 22° compared with that obtained during operation. Moreau et al.
hips with a migration percentage of only 20-40% (group B), it is possible to obtain improvement or stabilisation but the long term result may sometimes be unfavourable.
We decided to operate on some children with an MP under 20% because their range of abduction seemed too limited, though some authors think that in these cases surgery makes no difference [19] . It is important to take the migration rate into account, because it is related to the severity of neurological involvement, and the higher it is, the earlier dislocation will occur. Cornell et al. [7] found that most of the hips with a pre-operative migration percentage of <40% had a satisfactory result, whereas all hips with a value of more than 60% had an unsatisfactory outcome. For hips with a migration percentage in the range of 40-60%, soft tissue surgery was most successful if adequate bracing was obtained after operation. Our results are not as good as those of Cornell et al. and resemble those of Miller et al. [13] . They found that mature hips whose migration percentage remained <25% would remain permanently normal. Those with a migration of 25%-40% have a more uncertain outcome, and those with an MP >40% are not likely to become normal without further operation. We agree with Moreau [14] and Silver et al. [21] that when the subluxation is about 50%, and the acetabular index is more than 30°, a varus intertrochanteric femoral osteotomy or a pelvic osteotomy should be performed, because soft tissue releases will not be effective in controlling subluxation (Fig. 2) . Onimus et al. [15] felt that surgery performed on hips with an MP >30% should not be considered preventive: soft tissue release can only decrease or stabilise the rate of migration of the hip. A number of results rated good may be considered as failures, since partial improvement of the MP leads to persistent subluxation, which eventually requires further operation. Samilson et al. [17] and Vidal et al. [23] noted that adductor myotomy is valueless once dislocated occurred.
Age at time of operation
In contrast to the findings of some authors [15, 16, 20, 23] , but not of others [7, 9, 18, 21, 24] , we found Fig. 2a-d . Radiographic evolution of hips in a spastic quadriplegic child. Note that the hips were normal at the age of 2 (a) and that they inexorably lead to subluxation (b and c) and dislocation (d). This child has been operated on at the age of 6 (c) with a bilateral adductor release, but it was too late because the migration percentage was too high. A varus intertrochanteric femoral osteotomy had to be performed secondarily that the age of patients at the time of operation was not a significant predictor of outcome, except in group B. In this group, the older the children the better were the results, probably because hips of the youngest children had the greatest potential for evolution. It is very important to analyse the results of tenotomies according to the age of the patient at the time of operation when compared with the MP. Many reports are unclear about this [9, 18, 21, 24] . Children with a small MP, operated on when young, will probably have better results than those with a greater MP operated on later. Also, in the younger child, acetabular growth and remodelling have much more influence on outcome than in a ten-year-old.
Obturator neurectomy
It has been shown previously that the addition of anterior neurectomy does not significant improve results [7, 9] . We confirmed this. Miller [13] added an anterior branch obturator neurectomy in order to attempt to balance asymmetric spasticity around the hips in children who were very spastic and could not walk. However, anterior branch obturator neurectomy should be avoided in children who can walk because of the potential for wide based gait and hyperabduction [13] .
Unilateral tenotomies
Reimers [16] , Samilson et al. [17] and Silver et al. [21] have warned that unilateral adductor tenotomy has a negative influence on the opposite side. Carr and Gage [4] , with the same average follow up as ourselves, noticed that unilateral soft tissue procedures on children under the age of 9 had an untoward effect on the opposite hip, leading to pregressive subluxation and the development of a wind-swept deformity. We did not see this in our three cases.
Comparison with other results in the literature
Howard et al. [10] , studied the natural history of spontaneous dislocation of the hip in CP. They noted that in quadriplegic patients, the incidence of dislocation was very high (59%), whereas in those with diplegia, only 6.5% were affected. They found no evidence of dysplasia or instability of the hip in any patients with unilateral hemiplegia. Reports concerning the prevention of hip dislocation by soft tissue surgery are often confusing, because they included both quadriplegic, diplegic and sometimes hemiplegic children [2, 5, 7, 9, 13, 14, 16-18, 20, 22-24] . This may explain whey our results are less optimistic than those of most other series.
Some authors [11, 14, 15, 22] have reported that adductor tenotomy associated with surgical release prevents hip subluxation. However, Houkom et al. [9] and Silver [21] did not find this. A comparison with our results and those reported by others was also hampered by different interpretations of a "good outcome", and because other studies often combined different procedures [17, 20] .
Management of the hip in CP
We agree with Vidal et al. [23] that musculotendinous releases are effective in recentring the femoral head early, but not in correcting dysplasia. It is preferable to anticipate its development by early tenotomies, which are much better tolerated than pelvic osteotomy. Onimus et al. [15] suggested that successful results were obtained in 90% of children under the age of four with a MP <33%. However, like Miller et al. [13] , we think that it is possible to use soft tissue release for severe subluxation in children who are younger than four years. This is a relatively minor procedure compared with a bony reconstruction, and some hips can be stabilised, allowing the child several years of growth. This allows reconstructive surgery to be postponed until the child is older and has better bone stock [13] .
